Avian ecological succession in the Amazon: A long-term case study following experimental deforestation by Rutt, Cameron L. & Jirinec, Vitek
Louisiana State University 
LSU Digital Commons 
Faculty Publications School of Renewable Natural Resources 
11-1-2019 
Avian ecological succession in the Amazon: A long-term case 
study following experimental deforestation 
Cameron L. Rutt 
Louisiana State Univ, AgCtr, crutt1@lsu.edu 
Vitek Jirinec 
Louisiana State Univ, AgCtr 
Follow this and additional works at: https://digitalcommons.lsu.edu/agrnr_pubs 
 Part of the Agriculture Commons 
Recommended Citation 
Rutt, Cameron L. and Jirinec, Vitek, "Avian ecological succession in the Amazon: A long-term case study 
following experimental deforestation" (2019). Faculty Publications. 2. 
https://digitalcommons.lsu.edu/agrnr_pubs/2 
This Article is brought to you for free and open access by the School of Renewable Natural Resources at LSU 
Digital Commons. It has been accepted for inclusion in Faculty Publications by an authorized administrator of LSU 
Digital Commons. For more information, please contact gcoste1@lsu.edu. 
Ecology and Evolution. 2019;00:1–12.	 	 	 | 	1www.ecolevol.org
 
Received:	6	June	2019  |  Revised:	14	September	2019  |  Accepted:	14	October	2019
DOI:	10.1002/ece3.5822		
O R I G I N A L  R E S E A R C H
Avian ecological succession in the Amazon: A long‐term case 
study following experimental deforestation





























































2  |     RUTT eT al.
1  | INTRODUC TION
Deforestation	 rates	 in	 the	 Amazon	 increased	 dramatically	 in	 the	
early	1970s,	rose	during	the	late	1990s	to	the	highest	absolute	rates	
in	 the	world,	 and	 accelerated	 once	 again	 during	 the	 early	 2000s,	


















studies	 in	 Amazonia	 that	 have	 examined	 vertebrate	 species	 inva‐
sions	in	the	context	of	roads	and	land‐use	change.
For	Amazonian	birds,	a	considerable	body	of	research	has	shown	
the	 toll	 that	 deforestation	 (including	 partial	 deforestation	 charac‐
terized	by	 forest	 fragments)	 and	existing	 roads	 take	on	 the	 forest	
bird	community	(e.g.,	Ahmed	et	al.,	2014;	Develey	&	Stouffer,	2001;	
Ferraz	et	al.,	2003;	Laurance,	2004;	Laurance,	Stouffer,	&	Laurance,	









remain	 poorly	 understood.	 Unfortunately,	 to	 date,	 most	 previous	





To	 examine	 avian	 arrivals	 following	 deforestation,	 we	 chose	
a	 large‐scale	 experiment	 in	 the	 central	 Amazon	 that	 possesses	 a	
unique	 series	 of	 long‐term	 ornithological	 research—the	 Biological	
Dynamics	of	Forest	Fragments	Project	(BDFFP).	We	employed	three	
historical	avian	inventories,	spread	across	four	decades	(1979–2017),	
to	make	 inferences	about	 the	 long‐term	colonization	and	accumu‐
lation	of	species	 that	were	not	part	of	 the	original	 forest	avifauna	
(Cohn‐Haft,	Whittaker,	&	Stouffer,	1997;	Rutt	et	al.,	2017;	Stotz	&	
Bierregaard,	 1989).	 More	 specifically,	 we	 were	 interested	 in	 how	








chronosequence	and	 source	habitat	of	 all	 birds	 added	 to	 the	 core	
avifauna	(sensu	Cohn‐Haft	et	al.,	1997),	(c)	plot	the	location	and	hab‐
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2.2 | Generating the habitat associations for the 
regional species pool
Neotropical	 birds	 discriminate	 among	 different	 vegetation	 types	
and	can	broadly	be	categorized	by	habitat,	thus	allowing	us	to	dis‐







biodiversity	 (Borges,	 2004;	 Parker	 et	 al.,	 1996;	 Remsen	&	 Parker,	
1983;	Rosenberg,	1990).	Secondary	forests,	on	large	scales	almost	










We	 first	 developed	 a	 list	 that	we	 consider	 to	 be	 the	 “regional	
species	 pool”—those	 species	 that	 might	 reasonably	 be	 expected	
to	 occur	 at	 the	 study	 site.	 This	 seemingly	 arbitrary	 task	 of	 decid‐
ing	which	 species	are	most	 likely	was	based	on	meeting	 relatively	
simple	 requirements.	First,	 the	species	must	have	been	previously	
recorded	 somewhere	 in	 the	 Amazon	 (total	 ~1,300	 spp.),	 thereby	
assuming	 that	 the	 Amazonian	 avifauna	 as	 a	 whole	 is	 well‐charac‐
terized	despite	knowledge	gaps	at	a	regional	scale.	Second,	species	
known	 to	 be	 limited	 to	 upland	 (terra firme)	 forest	 (see	 below	 for	
habitat	classifications)	were	only	 included	 if	 they	occur	within	 the	
Guiana	 area	of	 endemism,	 that	 is,	 north	of	 the	Amazon	River	 and	
east	of	the	 lower	Rio	Negro.	This	 is	because	these	 large	rivers	are	
believed	 to	delimit	distributions	 for	 terra firme	 species	and,	empir‐
ically,	 because	no	 terra firme	 species	 has	been	 found	 at	 the	 study	
site	that	does	not	also	occur	elsewhere	within	the	Guiana	area	(see	
Cohn‐Haft	et	al.,	1997	and	Section	3),	even	if	those	other	terra firme 













ments,	 accepting	 secondary	 or	 tertiary	 habitat	 codes	when	 avail‐
able,	if	the	primary	code	suggested	the	species	occurred	in	habitat	
not	found	in	central	Amazonia	(e.g.,	montane	forest	and	temperate	
grassland).	We	 collapsed	 these	 22	 categories	 (21	 distinct	 habitats	
plus	 “Edge”)	 for	 the	 regional	 species	pool	 into	a	more	manageable	
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seven	 that	adequately	captured	habitat	diversity	 in	 the	 immediate	
vicinity	of	 the	BDFFP:	aquatic,	primary	 forest,	 riverine,	 secondary	
forest,	white	 sand,	 palm,	 and	 grassland/pasture	 (see	Appendix	A).	
We	elected	to	use	the	term	“riverine”	to	refer	to	terrestrial	birds	that	
occur	in	floodplain	forests,	river‐edge	forest,	and	on	river	islands.
For	 those	birds	 in	 the	 regional	 species	pool	 (n = 725),	we	 first	
categorized	species	into	two	groups:	those	that	have	been	recorded	
at	the	BDFFP	and	those	that	have	not.	Within	the	species	that	had	






characterized	 baseline	 after	 >35	 years	 of	 ornithological	 coverage	
(Cohn‐Haft	et	al.,	1997;	Rutt	et	al.,	2017).	Those	listed	species	that	










become	 established.	 Sampling	 has	 been	 systematic	 in	 continuous	
forest,	 fragments,	 and	 fragment	 borders	 but	 opportunistic	 in	 all	
other	habitats.	Taxonomy	follows	the	South	American	Classification	
Committee	(Remsen	et	al.,	2018).







habitat	 types,	which	we	 combined	with	 habitat	 descriptions	 from	
each	of	 the	species	accounts	 in	Rutt	et	al.	 (2017)	 to	contextualize	
the	local	habitat	at	the	time	of	detection.
2.4 | Assessing long‐term changes in forest cover 




2001).	For	 the	 two	 road	corridors	 (BR‐174	and	AM‐010/ZF‐7),	we	
delineated	2	 km	buffers	 around	each	of	 these	 roads	between	 the	







in	GIS	 (ArcMap	10.5;	ESRI)	at	30‐m	resolution	 for	all	 imagery.	We	
first	generated	false‐color	images	by	combining	spectral	bands	that	




employs	user‐selected	 training	 samples.	 For	 “forest”	 training	 sam‐
ples,	we	selected	areas	that	were	known	to	contain	continuous	for‐
est	that	was	at	least	30	years	old,	whereas	for	“other”	we	chose	bare	
soil,	 roads,	 clearcuts,	 open	 water,	 pastures,	 and	 housing.	 Training	
samples	for	both	land	cover	categories	were	identical	across	the	four	
time	periods	(e.g.,	areas	that	were	always	forest	and	roads).	Because	






in	 the	 regional	 species	 pool	 (i.e.,	 excluding	 the	 core	 avifauna),	we	
used	G	 tests	 of	 independence.	We	 similarly	 performed	G	 tests	 to	
determine	whether	habitat	associations	of	noncore	species	that	ap‐



































species	 pool.	 This	 difference	 in	 habitat	 association,	 however,	 was	
only	 evident	 for	 the	 85	 species	 added	 during	 the	 1980s	 (Table	 1;	
G	=	35.40,	df	=	6,	p	<	 .001)	and	was	not	significant	for	the	subse‐





3.2 | Location of recent additions
With	 only	 one	 exception,	 all	 of	 the	 19	 species	 whose	 preferred	
habitat	can	be	found	at	the	BDFFP	(i.e.,	primary	forest,	secondary	
forest,	or	aquatic)	were	first	detected	in	that	habitat.	The	lone	ex‐
ception	 was	 Scaled	 Pigeon	 (Patagioenas speciosa;	 primary	 forest),	




Species	 that	 Parker	 et	 al.	 (1996)	 classified	 as	 grassland	 (Upland	
Sandpiper	 [Bartramia longicauda]),	 riverine	 (Cinnamon	Attila	 [Attila 
cinnamomeus],	White‐throated	Kingbird	 [Tyrannus albogularis]),	 and	
sand	(Yellow‐crested	Manakin	[Heterocercus flavivertex])	birds—habi‐
tats	not	present	at	the	BDFFP—first	appeared	in	the	closest	on‐site	















Aquatic 82 21	(2) 6 2 53
Secondary 137 38 (20) 13	(2) 7 79
Primary 75 10	(2) 4 4 57
Sand 11 1	(1) 0 1 9
Palm 3 1 0 0 2
Riverine 100 3 (2) 7 4 86
Grassland 49 11	(6) 5 1 32
Total 457a  85	(33) 35	(2) 19 318
%	of	new	species  61% 25% 14%  
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analogs:	pasture,	a	moriche	palm	(Mauritia flexuosa)	swamp	and	for‐
est	pond,	and	stunted	secondary	forest,	respectively.	Two	additional	
riverine	 species	 (Black‐chinned	Antbird	 [Hypocnemoides melanopo‐









buffers	was	 also	 comprised	of	 closed‐canopy	 forest	 (an	 average	
TA B L E  2  Thirty‐five	bird	species	that	colonized	the	Biological	Dynamics	of	Forest	Fragments	Project	in	the	state	of	Amazonas,	Brazil,	
along	with	the	interval	during	which	each	species	was	first	detected	on	site	and	its	habitat	affiliation	according	to	the	Parker	et	al.	(1996)	
databases
Scientific name English name 1986 1994 2017 Habitat
Ortalis motmot Variable	Chachalaca x x x Secondary
Tachybaptus dominicus Least	Grebe x x x Aquatic
Leptotila verreauxi White‐tipped	Dove x x x Secondary
Crotophaga ani Smooth‐billed	Ani x x x Secondary
Piaya cayana Squirrel	Cuckoo x x x Primary
Nyctidromus albicollis Common	Pauraque x x x Secondary
Anurolimnas viridis Russet‐crowned	Crake x x x Grassland
Jacana jacana Wattled	Jacana x x x Aquatic
Cathartes aura Turkey	Vulture x x x Grassland
Coragyps atratus Black	Vulture x x x Secondary
Buteogallus meridionalis Savanna	Hawk x x x Grassland
Rupornis magnirostris Roadside	Hawk x x x Secondary
Buteo nitidus Gray‐lined	Hawk x x x Secondary
Buteo brachyurus Short‐tailed	Hawk x x x Primary
Milvago chimachima Yellow‐headed	Caracara x x x Grassland
Thamnophilus punctatus Northern	Slaty‐Antshrike  x x Secondary
Cercomacroides tyrannina Dusky	Antbird x x x Secondary
Myiozetetes cayanensis Rusty‐margined	Flycatcher x x x Secondary
Empidonomus varius Variegated	Flycatcher x x x Secondary
Tyrannus melancholicus Tropical	Kingbird x x x Secondary
Tyrannus savana Fork‐tailed	Flycatcher x x x Grassland
Myiarchus ferox Short‐crested	Flycatcher x x x Riverine
Neopelma chrysocephalum Saffron‐crested	Tyrant‐Manakin x x x Sand
Manacus manacus White‐bearded	Manakin  x x Secondary
Stelgidopteryx ruficollis Southern	Rough‐winged	Swallow x x x Secondary
Troglodytes aedon House	Wren x x x Secondary
Volatinia jacarina Blue‐black	Grassquit x x x Secondary
Ramphocelus carbo Silver‐beaked	Tanager x x x Secondary
Sporophila castaneiventris Chestnut‐bellied	Seedeater x x x Secondary
Sporophila angolensis Chestnut‐bellied	Seed‐Finch x x x Secondary
Thraupis episcopus Blue‐gray	Tanager x x x Secondary
Thraupis palmarum Palm	Tanager x x x Secondary
Ammodramus aurifrons Yellow‐browed	Sparrow x x x Riverine
Molothrus bonariensis Shiny	Cowbird x x x Secondary
Sturnella militaris Red‐breasted	Meadowlark x x x Grassland
Note: A	species	was	considered	to	have	colonized	and	become	established	if	it	was	not	a	part	of	the	original	core	avifauna	and	it	reached	a	relative	
abundance	of	“uncommon”	or	“common”	in	1994	or	2017	(Cohn‐Haft	et	al.,	1997;	Rutt	et	al.,	2017).
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of	 73.1%	 along	 BR‐174	 and	 75.5%	 along	AM‐010/ZF‐7),	 nonfor‐




as	both	had	 similar	 proportions	of	 closed‐canopy	 forest	 in	1987	
and	2017	(Figure	3).
4  | DISCUSSION
Our	 long‐term	data	 allow	us	 to	 describe	 the	 accumulation	 of	 novel	






















species	 that	 colonized	and	became	established	at	 the	BDFFP,	a	dis‐




















4.3 | Exotic species did not colonize
Interestingly,	no	truly	exotic	species	(non‐Amazonian	or	non‐South	
American)	have	become	established	in	our	study	area.	The	only	such	
species	 found	 anywhere	 nearby	 are	 Cattle	 Egrets	 (Bubulcus ibis),	
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Tanager	 [Thraupis episcopus])	were	detected	eight	 times	 in	 a	100‐ha	








parasitism),	 although	 they	could	be	playing	nontrivial	 roles	 in	matrix	
and	disturbed	habitats,	 including	 the	potential	 introduction	of	novel	
pathogens	 (Altizer,	Bartel,	&	Han,	2011).	Similarly,	no	primary	 forest	
birds	colonized	early‐successional	habitat	following	disturbance.
4.5 | Some species are still trickling in whereas 
others are retreating in response to forest succession
The	appearance	of	novel	species	at	the	BDFFP	is	far	from	random	
and	 includes	many	 species	 that	 were	 predicted	 to	 eventually	 ar‐
rive	(Cohn‐Haft	et	al.,	1997).	Despite	considerably	less	fieldwork	at	
Reserva	Ducke—near	the	juncture	of	BR‐174	and	AM‐010	along	the	
outskirts	of	Manaus—Willis	 (1977)	 found	30	species	not	 reported	
at	the	BDFFP	during	the	first	inventory	(Stotz	&	Bierregaard,	1989).	
Within	the	following	decade,	however,	14	of	those	30	species	had	
appeared	 at	 the	BDFFP	 (Cohn‐Haft	 et	 al.,	 1997),	 and	 another	 six	
were	detected	between	1995	and	2017	(Rutt	et	al.,	2017).	Additional	
secondary	forest	species	are	still	trickling	in	and	may	be	in	the	early	
stages	 of	 colonization	 (Tropical	 Screech‐Owl	 [Megascops choliba],	
Yellow‐bellied	 Elaenia	 [Elaenia flavogaster],	 Boat‐billed	 Flycatcher	
[Megarynchus pitangua],	Brown‐crested	Flycatcher	[Myiarchus tyran‐




Sparrow	 [Ammodramus aurifrons],	 Blue‐black	 Grassquit	 [Volatinia 
jacarina],	 Chestnut‐bellied	 Seedeater	 [Sporophila castaneiventris],	









creasing	 (e.g.,	 Dusky	 Antbird	 [Cercomacroides tyrannina],	 White‐
bearded	Manakin,	and	Buff‐throated	Saltator	[Saltator maximus]).






invasion	corridors)	and	 indirectly	 (by	promoting	 land‐use	changes).	












tion,	 although	 the	 continuous	 extension	 of	 disturbed	 vegetation	
they	have	consistently	presented	over	 time	 is	 likely	 to	have	bene‐
fited	many	of	the	colonizing	species	we	detected.	On	the	other	hand,	
in	spite	of	a	river‐like	disturbance	corridor	leading	outward	from	the	
city	of	Manaus,	 long‐range	dispersal	of	 true	 floodplain	 forest	spe‐
cialists	has	been	very	limited.





generating	secondary	 forests	offer	another	advantage:	 the	ability	 to	
weed	out	 invading	 species	 over	 time.	Our	 data	 indicate	 that	where	
forest	 cover	 has	 recuperated	 over	 time,	 the	 presence	 of	 early‐suc‐
cessional	bird	species	has	diminished.	This	is	similar	to	the	well‐doc‐
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4.8 | Species richness alone is an inappropriate 
indicator of habitat quality for partially disturbed sites
Although	a	commonly	used	metric	in	conservation	assessments,	our	






















Furthermore,	 the	 recent	 return	 to	 increasing	 deforestation	 rates	















interchange	 and	 potential	 species	 interactions	 cultivated	 by	 these	





We	 believe	 that	 the	 pattern	 of	 species	 accumulation	 and	
colonization	 of	 widespread	 generalists	 that	 we	 describe	 here	
is	 likely	generalizable	across	Amazonia	 following	deforestation,	
agricultural	 use,	 and	 eventual	 abandonment.	 The	 addition	 and	
establishment	 of	 35	 bird	 species	 to	 a	 once	 undisturbed	 tract	
of	rainforest	over	about	40	years	offers	some	of	the	strongest,	







BDFFP	would	be	 capable	of	 describing	 this	 protracted	process	
and	monitoring	changing	communities	over	time,	both	of	which	
would	 remain	 hidden	 in	 short‐term	 research.	 It	 will,	 however,	
take	 a	much	 longer	 period	 of	 time	 to	 detect	 the	 possibility	 of	
eventual	recovery	and	stability	of	the	original	avian	community	
in	 these	degraded	habitats	 (Powell,	 2013).	Finally,	we	 look	 for‐





collecting	 these	data,	particularly	 those	 that	 contributed	and	doc‐
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BDFFP category Parker et al. category
Aquatic Freshwater	marshes	(A1)
Saltwater/brackish	marshes	(A2)
Coastal	sand	beaches/mudflats	(A3)
Riverine	sand	beaches	(A5)
Freshwater	lakes	(A6)
Rivers	(A8)
Streams	(A9)
Coastal	waters	(A11)
Primary Tropical	lowland	evergreen	forest	(F1)
Riverine Flooded	tropical	evergreen	forest	(F2)
River‐edge	forest	(F3)
River	island	scrub	(N12)
Sand White	sand	forest	(F12)
Palm Palm	forest	(F13)
Grassland/Pasture Campo	grasslands	(N5)
Low,	seasonally	wet	grassland	(N6)
Pastures/agricultural	lands	(N13)
Secondary Tropical	deciduous	forest	(F7)
Secondary	forest	(F15)
Arid	lowland	scrub	(N1)
Second‐growth	scrub	(N14)
Edge	(E)
